The molecular dynamics computational method is used to simulate meniscus formation around an asperity in a rough surface represented as a sinusoidal wave. Simulation results show that the meniscus formation depends on the interaction potential between the solid wall and the liquid atoms. For completely and partially dry substrates a meniscus cannot form around an asperity. For partially and completely wetting substrates the asperity helps to adsorb the fluid atoms and form a meniscus. These simulation results confirm that if the film thickness exceeds a critical value, the capillary pressure contributes strongly to stiction.
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In ultrahigh recording density disk drives the head and the disk are manufactured with very smooth surfaces ͑rough-ness amplitude ϳ1 nm͒ and a phenomenon called ''stiction'' is usually observed. Stiction refers to the high static friction force encountered at the start of operation.
1 Stiction is also encountered in microelectromechanical systems. 2 Many researchers have conducted experiments to study the role of surface roughness, lubricant type, liquid film thickness, and relative humidity on stiction on the head disk interfaces. [3] [4] [5] In order to explain the stiction phenomenon two assumptions are proposed. First, it is assumed that the meniscus force causes a steep increase of the contacting load, thus causing increased friction force. A kinetic meniscus model has been proposed by Bhushan 6 to predict the resting stiction force between slider and disk caused by the capillary pressure. This model, however, cannot be used to interpret the meniscus formation on an ultrathin ͑3-10 nm͒ film. In this case, the continuous assumption is invalid. It is doubtful that the fluid film can flow as freely as in the bulk state. Another assumption is that it is the attractive forces between the two surfaces and between the surface and the film that cause the increase of the contacting load, thus causing increased friction force. The second model can successfully explain the high friction coefficient but it cannot explain why stiction forces are great enough to pull off the slider. 1 The key problem rests on whether it is possible to form a meniscus around an asperity with an ultrathin film and on the length of time for such meniscus formation. This letter uses molecular dynamics to simulate an ultrathin fluid film confined between two surfaces in order to study the structure and dynamics of the thin film, observe the final film state, and ascertain the possibility of forming a meniscus around an asperity.
Using the Lennard-Jones interatomic potential for argon atoms, the positions of the atoms and the interactive force between the atoms and the surfaces are calculated. The physical model used in the calculation is that of a thin film confined between a smooth surface and a rough surface, as shown in Fig. 1͑a͒ . The lower surface is not shown explicitly but is assumed a stationary, smooth surface at zϭ0 to save computation time. The upper wall is thick enough to make it appear infinite to the fluid atoms. Its roughness is represented as a sinusoidal wave surface ͓Fig. 1͑a͔͒. The surface is described as
͑1͒
where A,n are the wave amplitude and the wave number. L x is the simulation domain length along the x direction. The Lennard-Jones ͑LJ͒ potential 7 represents the interaction between a particle of type A and a particle of type B:
where subscripts A,B (ϭs, f ) stand for ''solid'' or ''fluid,'' e AB and AB represent the energy and length scale of the potential, and r denotes the distance between the two particles. The lower surface at zϭ0 acts on the fluid atom through a summed LJ potential force. The fluid-solid interactive potential is
where z is the atom's z axis coordinate. s denotes the particle density of the lower surface and s f is the interactive length scale between the solid atom and the fluid atom, s f ϭ0.941 f f . Its value is set as close to the mean of ss and f f . Equation ͑3͒ is deduced from Eq. ͑2͒ by summing the interactions of a single atom with an infinite smooth surface.
At the initial state the fluid atoms are arranged as a lattice with lattice constant 1. Figures 1͑a͒-͑c͒ show the result for the time evolution of liquid meniscus formation. Figure 1͑c͒ gives the final state of the fluid atoms confined between a smooth and a rough surface. During the meniscus formation the atoms at the top of the fluid move to the asperity first and bridge the upper rough wall with the substrate. When these fluid atoms move a vacancy appears. The neighboring fluid atoms at the top of the layer soon fill the vacancy. This moving and filling procedure occurs during the whole formation process. Through the interaction between neighboring fluid atoms the asperity attracts faraway fluid atoms that are located outside the interaction range for the asperity. More and more fluid atoms move around the asperity until a meniscus is formed. When the top layer of the fluid atoms is exhausted each underlying layer continues this procedure to provide atoms for the meniscus formation. This process can even exhaust the fluid atoms far from the asperity. This differs from the fluid film confined between two smooth surfaces, in which the fluid atoms will distribute over the substrate and the density near the substrate is stable. Also, if the film thickness satisfies the critical condition the film will remain stable.
9,10 When a rough surface moves towards the thin film, as observed from Fig. 1 , the fluid atoms will move to the asperity and the thin-film stability is destroyed. This can be further proved in the following simulation. If the liquid film is too thin to bridge the two walls at the initial state, such as Nϭ200, d*ϭ5.618, where d* is the minimum distance between the asperity and the substrate, the meniscus will not be formed. In this case, the liquid atoms are adsorbed to the substrate and after 80 000 time steps no meniscus is found, and the film keeps stable. If the displacement between the two walls is decreased from d*ϭ5.618 to d*ϭ3.618, a meniscus will form after 80 000 time steps, as shown in Fig. 2 . Once the meniscus is formed, the shape of the meniscus remains stable, depending only on the interactive potential between the solid wall and the liquid atoms. The meniscus shape can be measured by the contact angle, which can be obtained from a visual inspection of the two-dimensional density contour for the meniscus.
7 Figure 1͑d͒ gives such a density contour. At different time steps after equilibrium the contact angle remains constant. On the other hand, if the interactive potential between the solid wall and the fluid atoms is decreased from a partially wetting state to a partially drying state, a meniscus cannot form ever for a large number of atoms. The fluid film will distribute over the substrate, as shown in Fig. 3 . The attractive force acting on the upper solid wall by the fluid atoms depends on the interaction potential between the wall and the fluid atoms. Figure 4 gives the nondimensional attractive force, F s * , versus the interaction potential parameter:
where F,R* are the attractive force acted on the upper solid surface and the radius of meniscus, respectively. A meniscus cannot form between r ϭ0.1-0.4, so the attractive force increases almost linearly with the interactive potential. Between r ϭ0.4-0.55 the attractive force gets a sharp increase, which means more fluid atoms concentrate on the upper solid wall. With r Ͼ0.55 and for a fixed number of atoms the attractive force will increase slowly.
In conclusion, the formation procedure of a meniscus around an asperity has been simulated. The simulation results show that the meniscus formation only depends on the interaction potential between the solid wall and the fluid atoms. For a partially drying wall it is impossible to form a meniscus. For partially and for completely wetting walls the initial separation between the solid wall and the fluid atoms will affect the formation time. The driving force to form a meniscus is the interaction force between the solid wall and the fluid particles. Even for an ultrathin ͑1 nm͒ liquid film, a meniscus can form around a partially or completely wetting asperity. Although the asperity does not directly act on the faraway fluid atoms, it indirectly attracts these atoms to form a meniscus through the interaction of neighboring fluid atoms. The formation time only depends on the interaction force and the initial space between the solid wall and the fluid atoms. Increasing the liquid film thickness induces a high attractive force after meniscus formation, causing a high friction force. 
